ABSTRACT-In vitro treatment of Lewis lung carcinoma cells with the polysaccharide levan was shown previously to reduce the oncogenicity of these cells by acting on the cell membrane. In the present study the direct effect of levan on the tumorigenicity of Lewis lung carcinoma in C57BL male mice was tested at different doses and intervals and temperatures of incubation. A dose-dependent decrease in tumorigenicity was observed: Doses of 0.5, 1, and 2 mg levan/2x10 5 cells/0.2 ml reduced tumor incidence by 30, 50, and 70%, respectively. Some degree of inhibition was observed even with a dose of 0.004 mg. The inhibitory effect was rapid; 5 minutes of incubation resulted in the same reduction in oncogenicity as 60 minutes. Inhibition at 0°C was as effective as inhibition at 37°C. The lack of temperature effect indicates that enzymatic activity probably is not involved. The data presented here, together with previous data, suggest that levan induces a physical, rather than a chemical, change in the affected tumor cells. The polysaccharide appears to be loosely, noncovalently bound to the cell membrane. -JNCI 1984; 72:1417-1420 Levan, polyfructose, has been shown to inhibit the growth of experimental tumors (1-3). The polysaccharide exerts a double effect on tumors: It induces a host-dependent tumor rejection (3) and a direct effect on tumor cells (4, 5). The present study deals with this second activity of levan.
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Levan, polyfructose, has been shown to inhibit the growth of experimental tumors (1-3). The polysaccharide exerts a double effect on tumors: It induces a host-dependent tumor rejection (3) and a direct effect on tumor cells (4, 5) . The present study deals with this second activity of levan.
Carbohydrates are important constituents of cell membranes; they affect different characteristics of cell behavior, .like malignancy (6, 7), differentiation (8) , and recognition by the immune system (9, 10) . Therefore, polysaccharides coating plasma membranes might be expected to modify malignant behavior.
In a previous study (4) we presented data showing that l-hour preincubation of tumor cells with levan, which caused a marked reduction in oncogenicity, did not reduce the viability of tumor cells and did not inhibit synthesis of DNA, RNA, or protein. However, the polysaccharide influenced the transport of thymidine, uridine, and leucine. We concluded that levan might have modified the cell membrane (4) . An increase in volume in levan-treated cells (unpublished results) also favors this interpretation.
In the present study the effects of levan concentration and temperature and time of preincubation of tumor cells with levan on tumorigenicity were investigated.
MATERIALS AND METHODS
Mice and tumor.-C57BL male mice 6-10 weeks old were purchased from the Animal Breeding Center, Weizmann Institute, Rehovot, Israel. The Lewis lung carcinoma was maintained by sc inoculation. Tumor cell suspensions were prepared as described previously (1 ) .
Levan.-Levan was prepared from Aerobacter leoanicum at the Technical Unit of the Department of Biological Chemistry, the Hebrew University, Jerusalem, Israel. A sterile 5% solution was prepared as before (4) .
Preincubation of tumor cells with levan.-For tests of the effect of levan concentration, a 0.2-ml levan solution in Dulbecco-Vogt's medium, containing different amounts (0.002-10 mg) of polysaccharide, or 0.2 ml medium was added to 0.8 ml of a suspension of tumor cells, so that the final concentration of tumor cells was 10 6/ml. Cells were incubated at 37°C in a 5% C02 atmosphere for I hour. The times of incubation were 5, 30, and 60 minutes, and the incubation temperatures tested were 0 and 37°C.
Oncogenicity test.-A dose of 0.2 ml of the above suspensions, containing 2X 10 5 tumor cells and varying concentrations of levan (0.0004-2.0 mg) treated differently as above, was inoculated on day 0 into different groups of mice. Each group consisted of 8 animals. The incidence and the size of the tumors were recorded two or three times a week, and mortality was recorded daily.
Statistical methods.-Student's r-test was used for the calculation of the significance of differences in average time of appearance of tumors and average size of tumors. The log rank method (11) was used for calculation of the significance of differences when some animals did not develop tumors or did not die during the experimental period (lOO days). lung carcinoma cells. The data in text-figure I show a gradual decrease in incidence of tumors. This decrease was more or less proportional to the dose of the polysaccharide; 0.5, I, and 2 mg caused about a 30, 50, and 70% decrease in tumor incidence, respectively. The differences were statistically significant: with 0.5 mg P<.05 according to the z-test of the average time required for 50% tumor appearance and with 0.05 mg P<.l according to the log rank test; with I and 2 mg levan P<.025 according to the log rank test. Table I shows the same trend according to two other criteria: size of tumors and number of long-term survivors. According to the parameter of tumor size, levan pre-
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DISCUSSION
The highly molecular polysaccharide levan produced by A. levanicum (1) (2) (3) (4) (5) as well as other polysaccharides (11) (12) (13) (14) (15) (16) (17) inhibits tumor growth in animals. Most of these polysaccharides were reported to induce a host reaction against tumors (11) (12) (13) (14) (15) (16) (17) , but some, like levan, also were reported to directly inhibit tumor cells (18) (19) (20) . Oligosaccharides (21) and several monosaccharides (22) (23) (24) also were reported to directly affect tumor cells.
The mechanism of the direct effect of levan (and possibly other polysaccharides) on tumor cells probably differs from the mechanism of most cytotoxic agents that affect nucleic acids. Our previous data dealing with the effect of levan indicate that the substance acts mainly on the cell membrane (4). The cell membrane also was shown to be the target of the antineoplastic effect of some other polysaccharides (16) (17) (18) , oligosaccharides (19), and amino sugars (22) . In the present study we tried to determine the effects of polysaccharide concentration and the time and temperature of preincubation on oncogenicity of cells. treatment was significantly effective even at a concentration of 0.004 mg/2X 10 5 cells. Table I also shows the effect of the length of incubation time with levan on tumorigenicity. No differences were observed at the three intervals tested: At 2, 30, and 60 minutes similar degrees of inhibition were observed with different levan concentrations. The levels of significance, as seen for both tumor size and mortality, were similar for the different incubation periods.
Text- figure 2 shows the effect of levan on tumorigenicity of tumor cells at 0 and 37°C. A similar inhibition was exerted by levan at the two temperatures: at ooe P<.00025 and at 37°e P<.00125 according to the log rank test. Temperature did not affect the oncogenicity of either the untreated or the levari-treated cells (P>.05). 
Conditions of Levan Antitumoral Effect 1419
In any case, weak, reversible, noncovalent linkages play important roles in biology. One such example is linkages between subunits of allosteric enzymes, which permit the flexibility necessary to these regulatory molecules. Mutations affecting these linkages disturb the regulatory properties of these proteins (27) (28) (29) . In a structure like the cell membrane, which is in constant interaction with the environment, such linkages certainly play important roles. Peripheral proteins of the membrane, unlike integral proteins, are linked weakly to the cell surface by noncovalent linkages (30) . The oligosaccharide parts of membrane glycoproteins protruding to the exterior may serve as receptors. Rapid and reversible alteration in the topographic arrangement of the receptors may be induced by external stimuli (30) . Levan and probably other antitumoral polysaccharides may induce such changes. The effect of levan was found to be dose-dependent. Tumorigenicity was inhibited up to 80% with 2 mg/ 2XI OS tumor cells. The inhibitory effect was rapid; a 5-minute incubation resulted in the same decrease in oncogenicity as a 60-minute incubation. Tumorigenicity was affected at ooe as effectively as at 37°C. The fact that the polysaccharide acted at ooe as well as at 37°e
suggests that the effect does not depend on inhibition of an enzymatic activity. In a previous study we found that the inhibitory effect of levan was abolished by centrifugation of the treated tumor cells. Taken together, the data suggest a weak, reversible, noncovalent linkage of levan to tumor cells, causing a conformational or other physical change in the membrane.
Polysaccharides are hydrophilic polymers (25) . Levans are branched polymers; as such, they are more hygroscopic than linear polysaccharides (26) . This property may confer to levan some of its biological activities. Linkage of levan to the cell membrane may change its hydrophilia. According to Texter et al. (26) , DNA structure and replication also may depend on water content. Thus the property of hygroscopy of different cell structures might have far-reaching consequences in cell behavior. Furthermore, masking of surface molecules important for the expression of malignancy, antigen exposure, modification of receptor availability, and permeability to growth factors or growth inhibitors may be affected by linkage to levan. 
